Dissolution behavior and early bone apposition of calcium phosphate-coated machined implants by �씠以묒꽍 et al.
www.jpis.org
Journal of Periodontal
& Implant ScienceJPIS
pISSN 2093-2278
eISSN 2093-2286
Copyright © 2013 Korean Academy of Periodontology
This is an Open Access article distributed under the terms of the Creative Commons Attribution  
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/).
Dissolution behavior and early bone apposition of 
calcium phosphate-coated machined implants
Ji-Wan Hwang1,†, Eun-Ung Lee1,†, Jung-Seok Lee1, Ui-Won Jung1, In-Seop Lee2, Seong-Ho Choi1,*
1Department of Periodontology, Research Institute for Periodontal Regeneration, Yonsei University College of Dentistry, Seoul, Korea
2Institute of Physics & Applied Physics, Atomic-Scale Surface Science Research Center, Yonsei University, Seoul, Korea
Purpose: Calcium phosphate (CaP)-coated implants promote osseointegration and survival rate. The aim of this study was to 
(1) analyze the dissolution behavior of the residual CaP particles of removed implants and (2) evaluate bone apposition of CaP-
coated machined surface implants at the early healing phase. 
Methods: Mandibular premolars were extracted from five dogs. After eight weeks, the implants were placed according to drill-
ing protocols: a nonmobile implant (NI) group and rotational implant (RI) group. For CaP dissolution behavior analysis, 8 im-
plants were removed after 0, 1, 2, and 4 weeks. The surface morphology and deposition of the coatings were observed. For bone 
apposition analysis, block sections were obtained after 1-, 2-, and 4-week healing periods and the specimens were analyzed. 
Results: Calcium and phosphorus were detected in the implants that were removed immediately after insertion, and the oth-
er implants were composed mainly of titanium. There were no notable differences between the NI and RI groups in terms of 
the healing process. The bone-to-implant contact and bone density in the RI group showed a remarkable increase after 2 weeks 
of healing. 
Conclusions: It can be speculated that the CaP coating dissolves early in the healing phase and chemically induces early bone 
formation regardless of the primary stability. 
Keywords: Calcium phosphate, Dental implantation, Osseointegration.
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INTRODUCTION
The implant surface plays an important role in enhancing 
osseointegration and achieving rapid secondary stability [1]. 
Roughening the implant surface through surface treatments 
may promote osteogenesis by increasing the surface area, 
enhancing cellular activity, and ultimately increasing bone 
attachment [2]. A systematic review by Shalabi et al. [3] con-
cluded that there was a positive correlation between surface 
roughness and bone-to-implant contact. As a consequence, 
over the last 30 years, various surface modification techniques 
have been introduced, including blasting, etching, oxidizing, 
titanium (Ti) plasma spraying, and incorporation of hydroxy-
apatite (HA) or other forms of calcium phosphate (CaP) [4]. 
CaP has been investigated extensively because of its bio-
compatibility and mineral chemistry, which resembles that 
of human bone [5]. Moreover, as a coating material, CaP has 
been widely applied to metallic implants. HA-coated implants 
produce rapid healing responses [6], promote faster bone at-
tachment [7,8], and show a high clinical survival rate [9] when 
compared to noncoated implants. Furthermore, excellent 
clinical results were reported for CaP-coated implants when 
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implanted in fresh extraction sites, grafted maxillary sinuses, 
and type IV bone [10]. 
However, some reports have suggested that CaP coating 
may undergo extensive dissolution in tissue fluids and dem-
onstrate rapid breakdown around the implant surface [11,12]. 
Various chemical compositions of CaP, or coating methods 
that induce structural changes in the coating, could be the 
cause of such failure. Among the various coating methods, 
the plasma spraying technique has been the primary method 
used to apply CaP coating onto metallic implants. However, 
this method has demonstrated some problems because of 
the relatively thick and porous coating it produces [13,14]. 
Long-term clinical failure has also been reported due to non-
uniformity of the coating and low adhesion strength between 
the metal and the CaP coating [15]. 
In order to overcome the disadvantages of CaP plasma spray 
coating, the ion-beam–assisted deposition (IBAD) method 
has recently been developed. With this method, the dissolu-
tion rate of the CaP coating has decreased remarkably while 
the bonding strength between the layer and Ti substrate has 
increased [16]. Liu et al. [17] suggested that an atomic inter-
mixing layer is formed between the HA coating and Ti sub-
strate during the IBAD method and this chemical bonding 
may enhance the interfacial adhesive bonding strength. Fur-
thermore, Lee et al. [18] studied the bone healing of ma-
chined implants that were HA coated by the IBAD method in 
normal bone of rabbit tibiae. Implants coated with CaP by the 
IBAD method showed a higher bone-to-implant contact ra-
tio compared to those of blasted surface implants and ma-
chined surface implants. Kim et al. [19] also demonstrated 
that implants coated with HA by the IBAD method are bio-
compatible and show better contact osteogenesis in normal 
bone. Bone regeneration in clinically challenging bony de-
fects such as gap defects or large dehiscence defects can be 
different from the healing observed in bones without de-
fects. Several previous studies have shown CaP coating using 
the IBAD method may improve the bone response and pro-
duce a beneficial effect in resolving bony defects [20-22].
During implant surgery, clinicians frequently encounter 
situations in which it is difficult to obtain mechanical engage-
ment. In particular, poor bone quality and a widened drilling 
socket may be responsible for rotationally loosened implants. 
Implant stability is considered to play an important role in 
successful osseointegration [23]. However, the amount of 
mechanical engagement required around the implant is yet 
to be determined. Previous animal studies have revealed fa-
vorable outcomes even when the mechanical engagement 
was not obtained at placement of the implants [24,25]. Fur-
thermore, Jung et al. [24] assumed that osseointegration 
would be obtained differently according to the absence or 
presence of mechanical engagement. In brief, it could be as-
sumed that the newly formed bone in the loosened implant 
group is composed completely from the bone adjacent to im-
plant surface.
There have been several studies demonstrating the disso-
lution behavior of the CaP film layer [16,26,27]. Since dissolu-
tion behavior is related to bioactivity, it is regarded as an im-
portant factor for osseointegration. In a previous study, the 
Ca/P ratio of the film had a major impact on the dissolution 
rate, and the dissolution rate decreased in a physiological sa-
line solution with ion-beam assistance [16,18,26,28]. However, 
the previous studies were based on using mediums such as 
isotonic saline solution or deionized water, not vital body 
fluid. 
In this study, machined surface implants CaP coated by the 
IBAD method (CPMS) were placed with one of two different 
drilling procedures in dogs for 1, 2, or 4 weeks. The aims of 
this study were (1) to analyze the dissolution behavior of re-
sidual CaP particles of removed implants and (2) to evaluate 
the bone apposition of the CPMS implants in the early heal-
ing phase.
MATERIALS AND METHODS
Animals
Five male mongrel dogs (18–24 months; mean body weight, 
20–25 kg) were chosen for this study. The animals had intact 
full dentition and a healthy periodontium. The animal selec-
tion, management, surgical protocol, and preparation were 
carried out according to the routine procedures approved by 
the Institutional Animal Care and Use Committee, Yonsei 
Medical Center, Seoul, Korea (certification #2011-0072). 
Sample preparation
Cylindrical machined surface implants of commercially 
pure Ti (3.4 mm in diameter, 10 mm in length) were created 
(Dentium, Seoul, Korea). The implant surfaces were treated 
by nanocoating them with CaP at a thickness of 500 nm ac-
cording to previously published methods [27]. In brief, the 
evaporants of CaP were prepared by adding 37% CaO powder 
(Cerac, Milwaukee, WI, USA) to HA powder (Alfa, Ward Hill, 
MA, USA). The Ca/P ratios of the evaporants were higher 
than 1.67. For the CaP coating, an electron beam evaporator 
(Telemark, Fremont, CA, USA) and an end-Hall-type ion gun 
(Mark II, Commonwealth Scientific, Alexandria, VA, USA) 
were employed. Once a suitable vacuum was attained, an ion 
beam was introduced into the vacuum chamber and the evap-
orants adhered to the surface of the implants. Heat treatment 
after the CaP coating was conducted at 450°C in a vacuum of 
0.003 mmHg for 1 hour.
Journal of Periodontal
& Implant ScienceJPIS Ji-Wan Hwang et al. 293
Experimental design
CaP dissolution behavior analysis 
The implant beds were prepared and a total of 8 CPMS im-
plants were bilaterally placed in the mandible of two dogs. 
Groups were divided according to the healing periods (0, 1, 2, 
and 4 weeks) and existence of initial stability (nonmobile im-
plant [NI] and rotational implant [RI]). 
Bone apposition analysis (n=2) 
A total of 12 CPMS implants were bilaterally placed in the 
mandible of three dogs. The groups were divided according 
to healing periods (1, 2, and 4 weeks) and the existence of ini-
tial stability (NI and RI). Two implants per group were placed.
Surgical protocol
The entire surgical procedures were performed under gen-
eral and infiltration anesthesia in a sterile operating room. 
The animals received a preanesthetic intravascular injection 
of atropine (0.05 mg/kg; Kwangmyung Pharmaceutical Co., 
Seoul, Korea) and an intramuscular injection of xylazine (2 
mg/kg; Rompun, Bayer Korea, Seoul, Korea) and ketamine 
hydrochloride (10 mg/kg; Ketalar, Yuhan, Seoul, Korea). Two 
percent enflurane (Gerolan, Choongwae Pharmaceutical Co., 
Seoul, Korea) was administered as inhalation anesthesia. Af-
ter disinfection of the surgical site, infiltration anesthesia 
was administered using lidocaine (2% lidocaine hydrochlo-
ride-epinephrine 1:100,000; Kwangmyung Pharmaceutical 
Co.). The animals were monitored with an electrocardio-
gram. Crevicular incisions were made, and all of the premo-
lars (P1–P4) were carefully extracted. The flaps were sutured 
with 4-0 Monosyn (Glyconate absorbable monofilament, B-
Braun, Aesculap Inc., Center Valley, PA, USA).
For bone deposition analysis, the implants were placed af-
ter an 8-week healing period using the same surgical condi-
tions as those for tooth extraction. A midcrestal incision and 
full-thickness mucoperiosteal flap was made bilaterally and 
implant ostectomy was performed. The final drill used in the 
NI groups was 2.85 mm in diameter according to the standard 
drilling protocol. The 3.3-mm diameter drill was last used 
prior to implant installation in the RI groups according to the 
oversized drilling protocol. The countersink drill was used to 
avoid a potential effect on primary stability of the cortical 
bone. Once the implant site was prepared, the implants of 
the same fixture size (3.4-mm diameter, 10-mm length) were 
inserted (Fig. 1). In the RI groups, the vertical and rotational 
mobility was confirmed, and the fixture adaptor was gently 
removed after the insertion of the fixture. The incision was 
closed with 4–0 Monosyn (B-Braun, Aesculap Inc.), leaving 
the implants submerged during the healing period. The dogs 
were fed a soft diet for 2 weeks, and the sutures were removed 
after 10 days. Two NI implants and two RI implants were 
placed bilaterally in three male mongrel dogs, and a dog was 
sacrificed at each of 1, 2, and 4 weeks after surgery. 
For CaP dissolution behavior analysis, eight implants were 
placed in two male mongrel dogs. Two implants (0-NI and 
0-RI) were removed immediately after insertion. The other 
six implants were removed after 1-, 2-, and 4-week healing 
periods. All of the implants were removed by hand ratchet, 
then the removed implants were washed in distilled water in 
order to eliminate blood from the implant surface. 
CaP dissolution behavior analysis 
The surface morphology of the unused implant before in-
sertion and the removed implants was observed by scanning 
electron microscopy (SEM, S-4200, Hitachi, Tokyo, Japan) op-
erating at 15.0 kV. The SEM studies were coupled with energy 
dispersive spectrometer (EDS) equipment to investigate the 
calcium and phosphorus deposition of the coatings.
Bone apposition analysis
Clinical observation 
The animals were carefully observed for inflammation, ex-
posure of implants, and other complications during the post-
operative healing period until the time of sacrifice.
Histologic and histometric analysis 
The block sections were fixed in 10% neutral buffered for-
malin for 10 days. They were then dehydrated in ethanol, 
embedded in methacrylate, and sectioned in the buccolin-
gual plane. The central section from each specimen was re-
BA
C
Figure 1. Clinical photographs of the experiment. (A) Implant sites 
were prepared, (B) calcium phosphate-coated machined surface im-
plants were inserted, and (C) after implant placement.
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duced to a final thickness of about 20 μm by microgrinding 
(Exakt, Norderstedt, Germany). The sections were stained 
with hematoxylin-eosin. A general histological analysis was 
performed using polarized light microscopy (Research Sys-
tem Microscope BX51, Olympus Co., Tokyo, Japan). After mi-
croscopic examination, histometric measurements were per-
formed by one blinded investigator using a PC-based auto-
mated image analysis (Image-Pro Plus; Media Cybernetics, 
Silver Spring, MD, USA). The measurement parameters were 
as follows:
(1)  Bone-to-implant contact (BIC%) in the six most coronal 
threads of the implant was defined as the proportion of 
the linear length of the bone in contact with the implant 
over the total length of the implant surface.
(2)  Bone density (BD%) within the six most coronal threads 
of the implant was defined as the proportion of the bone 
areas over the total areas between the imaginary line 
connecting the top of the thread and the fixture lines.
The parameters are presented as a mean value with a stan-
dard deviation (n=2). Statistical analysis was not performed 
due to the small sample size.
RESULTS
CaP dissolution behavior analysis
Surface morphology
Fig. 2 shows SEM micrographs of the unused CPMS im-
plant and two of the removed implants (0-NI, 2-NI). The sur-
face of the unused CPMS implant presented a surface with 
microroughness and parallel grooves, which is the typical 
outcome of the grinding process. The surfaces of the implant 
that was removed immediately after insertion (0-NI) and the 
implant that was removed after a 2-week healing period (2-
NI) also had a microrough surface with parallel grooves along 
the polishing direction. All of the implants had little bone tis-
sue attached to the surface. There were no significant differ-
ences among the surfaces of the implants.
Surface composition 
Figs. 3 and 4 are examples of EDS data showing peaks cor-
responding to the different elements present in the eight 
implant surfaces that were retrieved and analyzed. EDS anal-
ysis exhibited the presence of calcium and phosphorus ele-
ments on the surfaces of the two implants that had been re-
moved immediately after insertion (0-NI and 0-RI). There 
were peaks corresponding to calcium and phosphorus in ad-
dition to Ti and oxygen. However, the other six implants 
were composed mainly of Ti. Only small percentages of cal-
cium and phosphorus were detected in two implants (2-NI 
and 4-RI).
Bone apposition analysis
Clinical findings
Wound healing was uneventful during the postoperative 
healing period, with no complications (i.e., severe swelling, 
bleeding, allergic reactions, inflammatory reactions, or expo-
sure of implants) found in any of the groups.
Histologic results
In the NI group, a triangular thread tip was partly engaged 
with the native bone and an ostectomy line demarcating the 
drilled margin was clearly present at 1 week and 2 weeks of 
healing (Fig. 5A and B). At 1 week of healing, most portions of 
the wound chambers were occupied by connective tissue that 
was rich in vascular structures. A few bone particles were found 
in provisional soft tissue (Fig. 5A). At 2 weeks of healing, wo-
ven bone formation was pronounced and portions of woven 
bone extended from the native bone into the connective bone. 
Projection of newly formed woven bone had reached the 
surface of the implant in some areas (Fig. 5B). At 4 weeks, the 
ostectomy line was less clear. The newly formed mineralized 
bone extended from the native bone into the wound cham-
ber and most portions of the implant surface were covered 
with woven bone (Fig. 5C).
There were no notable differences between the NI and RI 
groups in the healing process. In the RI group, an ostectomy 
line was seen away from the implant thread tip in the 1-week 
and 2-week healing groups (Fig. 6A and B). The amount of 
newly formed bone increased with healing time. At 4 weeks 
of healing, ostectomy lines were not observed at the bone-
BA
C
Figure 2. Scanning electron microscopy analysis of implant surfaces 
(×1,000). (A) Unused implant before insertion, (B) nonmobile im-
plant (NI) that was removed immediately after insertion (0-NI), and 
(C) nonmobile implant that was removed after a 2-week healing pe-
riod (2-NI). 
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Figure 3. Energy dispersive spectrometer analysis of surface of nonmobile implant (NI) group. (A) Implant that was removed immediately 
after insertion (0-NI), (B) implant that was removed after a 1-week healing period (1-NI), (C) implant that was removed after a 2-week healing 
period (2-NI), and (D) implant that was removed after a 4-week healing period (4-NI). Ti: titanium, Ca: calcium, P: phosphorus, O: oxygen, 
Mg: magnesium, C: carbon, Ti: titanium.
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Figure 4. Energy dispersive spectrometer analysis of the surface of the rotational implant (RI) group. (A) Implant removed immediately after 
insertion (0-RI), (B) implant removed after a 1-week healing period (1-RI), (C) implant removed after a 2-week healing period (2-RI), and (D) 
implant removed after a 4-week healing period (4-RI). Ti: titanium, Ca: calcium, P: phosphorus, O: oxygen, Mg: magnesium, C: carbon, Ti: ti-
tanium.
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implant interface, and the density of the newly formed bone 
was comparable to that of the existing bone (Fig. 6C). 
At 4 weeks in both groups, bone formation occurred pre-
dominantly on the exposed bone surfaces along the micro-
thread area at the coronal part of the implants (Fig. 7A). On 
the other hand, a narrow rim of new bone was apparently 
apposed along the apical part of the implants (Fig. 7B).
Histometric results
The histometric analysis of the 12 implants (n=2) is present-
ed in Tables 1 and 2. The BIC and BD parameters are in accor-
dance with the histological findings. The mean values of the 
BIC and BD in the NI implant group increased gradually with 
healing time. The mean values of the BIC and BD were lower 
in the RI group than those of the NI group in all healing peri-
ods. However, the BIC and BD in the RI groups showed a re-
markable increase after 2 weeks of healing and were compa-
rable to those of the NI group at 4 weeks of healing. 
A B C
Figure 5. Representative photomicrographs of the nonmobile im-
plant group (H&E, ×50). (A) At 1 week of healing, (B) at 2 weeks of 
healing, and (C) at 4 weeks of healing. Black arrow: ostectomy line; 
White arrow: where newly formed woven bone had reached the 
implant surface; Asterisk: bone particle.
A B C
Figure 6. Representative photomicrographs of the rotational im-
plant group (H&E, ×50). (A) At 1 week of healing, (B) at 2 weeks of 
healing, and (C) at 4 weeks of healing. Black arrow: ostectomy line; 
White arrow: where newly formed woven bone had reached the 
implant surface; Asterisk: bone particle.
Figure 7. Representative photomicrographs from two different bone 
appositional perspectives from a rotational implant specimen at 4 
weeks of healing (H&E, ×100). (A) Distant osteogenesis was ob-
served on the coronal part of the implant surface. (B) Contact osteo-
genesis was observed on the apical part of the implant surface. 
White arrow: newly formed bone. 
A B
Table 1. Mean of bone-to-implant contact percentages after implant 
placement and removal (n=2).
Time of removal and analysis Nonmobile Implant Rotational Implant
1 week 19.66±15.81 0±0
2 weeks 43.06±8.49 7.19±1.68
4 weeks 59.32±8.27 50.01±2.77
Values are presented as mean±standard deviation. 
Table 2. Mean of bone density percentages and implant placement 
and removal (n=2).
Time of removal and analysis Nonmobile Implant Rotational Implant
1 week 22.80±7.49 0±0
2 weeks 50.97±9.60 16.57±8.63
4 weeks 68.29±7.89 63.53±4.01
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DISCUSSION
In the present study, we assessed the dissolution behavior 
and early bone apposition of CaP-coated machined surface 
implants. There is an effort to improve the surface of implants 
in order to enhance the quality and quantity of osseointegra-
tion. The surface modification of implants includes chemical 
and mechanical treatment. By increasing the level of rough-
ness mechanically, rough-surfaced implants showed an in-
creased survival rate and BIC. Lang et al. [29] concluded that 
moderately rough surfaces showed the highest level of BIC 
and provided enhanced bone integration compared with 
smooth and minimally rough surfaces in a consensus report. 
In spite of the advantages of rough-surfaced implants in the 
early healing phase, rough-surfaced implants are more likely 
to develop peri-implantitis than minimally rough implants 
and machined surfaces once exposed to the oral environment 
[30]. The results could be caused by the composition and 
amount of biofilm formation that were influenced by surface 
characteristics. Thus, a machined surface contributes to con-
trolling bacterial accumulation during the maintenance pe-
riod. 
Among various CaP coating methods, CaP coating by the 
IBAD method has been widely investigated recently because 
of the improved biocompatibility and excellent bonding 
strength it enables [16-18]. Lee et al. [18] demonstrated that 
the mean value of the BIC was 52.4% for the CaP coating on 
machined implants, which was higher than 48.5% for the 
blasted ones in a rabbit model. In addition, a previous study 
showed that CaP-nanocoated machined surface implants 
had a comparable BIC to CaP-nanocoated roughened surface 
implants in a dog model [31]. However, these previous stud-
ies evaluated the late bone response after a 12-week healing 
period. Here, the early bone response was analyzed at 1, 2, and 
4 weeks postsurgery using two different drilling protocols.
Fig. 2 shows SEM micrographs of the surfaces of implants. 
The unused implant before insertion showed microrough-
ness with a typical smooth surface texture (Fig. 2A). There 
were no significant differences between the unused implants 
and removed implants (Fig. 2B and C). The finding that there 
was no bone tissue attached to the removed implant surfaces 
could be explained by the surface properties of CPMS im-
plants. Machined surface implants have little mechanical 
bone interlocking effect, unlike roughened surface implants. 
In previous studies, CPMS implants increased the removal 
torque force more than 50% compared to machined implants 
without CaP, and they required a slightly higher removal 
torque force than did the blasted implants [27]. From these 
observations, we can verify that chemical bonding of bone to 
CPMS implants enhanced bone apposition despite not hav-
ing a mechanical bone interlocking effect. 
In EDS analysis, calcium and phosphorus were detected in 
two implants that were removed immediately after insertion 
(Figs. 3A and 4A). There were no notable differences between 
0-NI and 0-RI. Because the NI group was installed and removed 
with a ‘press fit’ method via mechanical compression, it may 
be assumed that the CaP coating film of the implant surface 
was not removed by friction during implant placement and 
removal. This result is consistent with the results of previous 
studies on bonding strength. The tensile bonding strength 
of HA coating by the IBAD method was 70±2 MPa [32], where-
as that of HA coating by the plasma spraying method has 
been reported to be 31.9 MPa [33]. 
However, six implants were composed mainly of Ti and 
only small percentages of calcium and phosphorus were de-
tected in two implants (2-NI and 4-RI). The results may have 
been affected by the potential detachment of the CaP coat-
ing layer as a result of mechanical friction during fixture re-
moval and the binding forces between the CaP layer and the 
surrounding tissues, contributing to a limitation of this ex-
periment. The dissolution rate of the coating layer is affected 
by the Ca/P ratio and surface crystallinity. CaP coating by the 
IBAD method produces a coating layer with a low dissolution 
rate in physiological saline solution by increasing the Ca/P 
ratio [16]. Film with a Ca/P ratio of 1.5 dissolved in 48 hours, 
whereas a plasma-sprayed HA coating dissolved completely 
within 8 hours [28]. When CaP film with a Ca/P ratio of 1.62 
was coated on implants, the average dissolution rate in a sa-
line solution was 47.5 nm/hr [18]. In the present study, in which 
the experiment was performed in vital body fluid, the CaP 
coating dissolved almost completely within 1 week. It could 
be inferred that the CaP thin film dissolved in the early heal-
ing phase and biomimetic apatite was formed at the implant 
surface, similarly to the results of a previous study [26]. Fur-
thermore, the dissolution rate was not affected by the situa-
tion in which the bone was not directly in contact with its 
surface from the results of the RI group. 
The present study included two types of experimental 
models: nonmobile and rotational implants. These mim-
icked the clinical situations in which the implants were in-
stalled with recommended fixation torque (20–40 N) and 
limited fixation. In histologic analysis, woven bone forma-
tion was pronounced at 2 weeks’ healing and most portions 
of the implant surface were covered with woven bone in 
both groups (NI and RI). At 4 weeks’ healing, the ostectomy 
line was less clear and there were no notable differences be-
tween the groups. This means that the CPMS implants were 
successfully osseointegrated in the early healing period re-
gardless of the different drilling procedures. These results 
are consistent with the results of a previous study using sand-
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blasted, large grit, acid-etched surfaced implants [24]. Two 
types of peri-implant bone regeneration have been identified 
in the literature [6,34]. Distance osteogenesis occurs when 
new bone formation is initiated at the surrounding old bone 
surface. On the other hand, contact osteogenesis occurs when 
osteogenic cells migrate to the implant surface and begin 
laying down new bone directly onto the implant. Histologi-
cal observation revealed that bone apposition occurred pre-
dominantly from the adjacent existing bone tissue (distant 
osteogenesis) along the microthread area at the coronal part 
of the implants in both the NI and RI groups. The result can 
be explained by vascular disruption of the cortical bone. Dur-
ing implant site preparation, vascular disruption of the cortex 
leads to death of the peri-implant cortical bone and slow re-
modeling by osteoclast invasion from the underlying medul-
lary compartment occurs [6]. Contact osteogenesis was also 
observed along the apical medullary part of the implant sur-
face in both the NI and RI groups.
In the histometric analysis, only the coronal microthread 
area was evaluated due to the invasion of the inferior alveo-
lar nerve in the apical region. The BD and BIC values of the 
RI group increased remarkably after 2 weeks’ healing and were 
comparable to those of the NI group at 4 weeks’ healing. Thus, 
the CPMS implants showed a rapid ability to achieve bone ap-
position in comparison to previous results with machined im-
plants without CaP coatings at 4 weeks of healing [19,35], even 
if the mechanical engagement was not obtained. 
CaP-nanocoated implant surfaces are considered to have a 
strong interaction between the implant and surrounding bone 
by chemical bonding, while highly roughened surfaces such 
as grit-blasted or Ti plasma-sprayed implants have been 
shown to favor mechanical anchorage and fixation to bone 
[36]. When calcium and phosphorus ions dissolved and re-
precipitated, the chemical interaction between CaP and Ca2+ 
binding protein modified the composition and structure of 
the coating surface [37]. As a result, the surface chemical prop-
erties of the electrochemically calcium-incorporated Ti oxide 
led to reinforced osseointegration [38]. The present study 
demonstrated early dissolution behavior within 1 week and 
enhanced bone apposition of CMPS implants in the early 
healing phase. From these results, an early loading protocol 
with CPMS implants can be performed clinically. 
However, there are a few limitations to the present study. 
Because the sample size was too small to perform statistical 
analysis, further studies on the correlation between the dis-
solution rate and bone formation with a larger sample size 
should be conducted.
In conclusion, within the limits of this study, it can be spec-
ulated that CaP coating of CPMS implants dissolves in the 
early healing phase and induces early bone formation chem-
ically, regardless of mechanical engagement.
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